Recent molecular studies in Asteraceae have divided tribe Mutisieae (sensu Cabrera) into 13 tribes and eight subfamilies. Each of the major clades is well supported but the relationships among them are not always clear. Some of the new taxa are easily characterized by morphological data but others are not, chief among the latter being three subfamilies (Stifftioideae, Wunderlichioideae and Gochnatioideae) and the tribe Hyalideae. To understand evolution in the family it is critical to investigate potential morphological characters that can help to evaluate the basal lineages of the Asteraceae. The data for this study were taken from 52 species in 24 genera representing the basal groups in the family. Many characters were examined but most of the useful ones were from reproductive structures. Several apomorphies supported a few of the clades. For instance, members of subfamily Wunderlichioideae (Hyalideae and Wunderlichieae) share predominantly ten-ribbed achenes and members of Wunderlichioideae + Stifftioideae share two synapomorphies: 100-150 (200) pappus elements, arranged in (three) four or five series. These apomorphies can be viewed as an indication of a sister-group relationship between the two subfamilies as the placement of Stifftieae was not well resolved by the molecular data. Members of Wunderlichieae are characterized by having a paleaceous receptacle, style branches that are strongly papillose above and below the bifurcation, and a pappus of scales. Hyalis and Ianthopappus (Hyalideae) share venation type and an apiculate anther appendage but these are also found in Gochnatieae. Other clades have fewer supporting characters. These characters are just a beginning. Cladograms with morphology characters plotted, illustrations and a key to the basal grade of Asteraceae are provided.
INTRODUCTION
For more than 20 years there have been many lively discussions about the circumscription and classification of the higher taxonomic levels in Asteraceae as more data have become available (Jansen & Palmer, 1987; Bremer, 1994 Bremer, , 1996 Kim & Jansen, 1995; Panero & Funk, 2002 Funk et al., 2005 Funk et al., , 2009 Kim, Choi & Jansen, 2005 etc.) . Although most of the traditional tribes were supported by the new information, two, Mutisieae (sensu Cabrera) and Heliantheae s.l., were split up. Some of the suggested segregations have been accepted but others are still under intense debate (e.g. the breakup of Mutisieae, Ortiz et al., 2009) .
It may seem extreme for the family to go from 13 tribes to 42-43, but most of the traditional 13 tribes were found to be monophyletic or could be made monophyletic with a few rearrangements (Funk et al., 2009a; Funk, 2010) . Tribes such as Anthemideae, Astereae, Calenduleae, Cardueae, Cichorieae, Senecioneae and Vernonieae all have much the same circumscription as they did from Cassini (1819) to the Asteraceae volumes of Heywood, Harborne & Turner (1977) . A few adjustments were necessary; for instance, Inuleae were divided into two tribes that are not sister taxa (Gnaphalieae and Inuleae) and it is still unclear exactly which taxa should be placed in Arctotideae, but these rearrangements were easily accomplished or the subtribes were found to be good, respectively. Even Heliantheae s.l., which were divided into 11 or 12 tribes (depending on acceptance or not of Feddeeae), were monophyletic if Eupatorieae were included (Panero & Funk, 2002) . However, it should be noted that only two of the newly recognized tribes in the Heliantheae alliance had to be described as new; all of the others had been proposed previously but had not been adopted by the systematic community (Baldwin, Wessa & Panero, 2002) . As we continue to examine the family the total number of tribes will probably remain in flux. However, the original 13 tribes described by our predecessors were, for the most part, good, and it is important that we acknowledge them for their insights Funk, 2010) .
Most of the recent discussion involves the newly described tribes and subfamilies of the traditional Mutisieae (sensu Cabrera). Molecular phylogenetic analyses, such as those by Kim, Loockerman & Jansen (2002) , Lundberg & Bremer (2003) , Olmstead et al. (1992) and Panero & Funk (2008) , have confirmed that Mutisieae (sensu Cabrera) are not monophyletic. The break up began in 1987 when Jansen & Palmer first reported that Barnadesioideae (formerly a subtribe of Mutisieae, now recognized as a tribe and subfamily) were the sister group of the rest of the family. They were described as a separate subfamily by Bremer & Jansen (1992) and all more recent studies cited above have supported this classification.
The only comprehensive overview of Mutisieae was carried out by Cabrera (1977) , and this groundbreaking study provided the base for all the changes that synantherologists have been making since the discoveries of Jansen & Palmer (1987) . For a detailed discussion of the breakup of Mutisieae (sensu Cabrera), see Funk et al. (2009a) and Ortiz et al. (2009) . Here we discuss only the most recent work. published the most recent generic level treatment of Asteraceae. The authors recognized two monophyletic groups: the small subfamily Barnadesioideae and the 'non-Barnadesioideae' clade. This latter clade was divided into four subfamilies (Mutisioideae, Carduoideae, Cichorioideae and Asteroideae) and 36 tribes. The basal branches of the 'not-Barnadesioideae' clade have been described as poorly resolved (Panero & Funk, 2008) . Hind (2007) , in the same treatment, split Mutisieae (sensu Cabrera) into 12 units, some recognized formally as subtribes (Nassauviinae, Mutisiinae, Gerberinae, Gochnatiinae, Tarchonantinae) and others only informally as generic groups (based around Stifftia J.C.Mikan, Stenopadus S.F.Blake, Hecastocleis A.Gray, Nouelia Franch., Catamixis Thomson, Dicoma Cass. and Pertya Sch.Bip.). Katinas et al. (2008) studied 74 genera which they placed in subfamily Mutisioideae. They recognized three tribes: Mutisieae (43 genera and c. 500 species), Nassauvineae (25 genera and c. 315 species) and Stifftieae (six genera and 48 species). The genera of tribe Mutisieae were placed in five informal groups: Central Core; Gochnatia Kunth complex; Guyana Highland centred bilabiate genera; Ainsliaea DC. group; Adenocaulon Hook. and Eriachaenium Sch.Bip. (generic pair); and Hecastocleis, an independent genus.
The most recent family-wide plastid DNA study (Panero & Funk, 2008) supported the basal bifurcation and recognized new subfamilies and tribes in the non-Barnadesioideae clade (Panero & Funk, 2002 , 2007 . The molecular data showed seven tribes in the basal grade that are involved in a polytomy or have only a weakly supported pattern of relationships ( Fig. 1) . Mutisioideae included the majority of the South America taxa placed in three lineages: tribes Onoserideae, Mutisieae s.s. and Nassauvieae. The remaining genera of Mutisieae (sensu Cabrera) were placed in tribes Stifftieae, Wunderlichieae, Hyalideae, Gochnatieae and Hecastocleideae or are in tribes that now are in Carduoideae or Pertyoideae (Fig. 1) . Some of the new tribes and subfamilies (those in Carduoideae and Pertyoideae) are more or less accepted by the synantherology community but others are not accepted by everyone, principally Stifftieae, Wunderlichioideae and Gochnatieae.
The composition of Stifftieae and Wunderlichioideae (Hyalideae and Wunderlichieae) is unusual and contrary to former studies (Bremer, 1994; Kim et al., 2002; Katinas et al., 2008) . Although each tribe was supported by the molecular data and has combinations of characters that circumscribe them, there are no known synapomorphies that group the genera in them together. As a result, a conflict was perceived between the results of a morphological study and the molecular work (Ortiz et al., 2009) .
According to Funk et al. (2005 Funk et al. ( , 2009b , understanding of the phylogenetic relationships in Stifftioideae (Stifftieae), Wunderlichioideae (Wunderlichieae and Hyalidaeae) and Gochnatioideae (Gochnatieae) is crucial to understanding the evolution and biogeography of the family. It was clear that the existing character studies were not sufficient and that morphological characters and additional molecular data were needed. Thus, the main purpose of this work was to investigate or re-evaluate morphological characters that can help us evaluate the basal lineages of Asteraceae (sensu Panero & Funk, 2008) and contribute to our understanding of character evolution in the family.
MATERIAL AND METHODS
The term 'character' is frequently used at two levels: (1) as a collection of attributes that are believed to be homologous that are grouped into a character such as 'style apex'; and (2) for the actual attributes, such as different types of style apices (e.g. style apex acute). Many publications start off by using 'character' and 'character state', but in the discussion the authors change to using the term character for what had been a character state. Another option is to use the Hennigian concept that each attribute is a character and that we make a hypothesis as to which of these characters are homologous and place those in the same transformation series (Hennig, 1966) . The placement of the character in a transformation series may change but the actual character usually does not. The second option is much preferred but is almost never used. We are using the term 'character' at both levels and trying to make sure it is obvious which is which.
This study focuses on three subfamilies and four tribes and the genera in each group, along with the number of species, are listed in Table 1 . Figure 1 shows a molecular phylogenetic tree adapted from Ortiz et al. (2009) . The phylogenetic analysis used to make this summary tree had many more taxa and the resolution of the colour used on each branch was based on this larger sample, as explained in Funk et al. (2009b) .
Two species of Barnadesioideae, four species of Mutisioideae and the monospecific Hecastocleis (Hecastocleidoideae) are included for reference. We examined many reproductive structures and selected 21 that showed some indication that they might be useful at the clade level (Table 2 ). Only two of the vegetative conditions we examined (phyllotaxy and venation) were included in this final table because the remainder were not useful at supergeneric level; the two we did use are only found in two small deeply nested groups: the Hyalis and Hyaloseris clades.
The data on the morphology were taken from specimens found at US and ALCB herbaria and from freshly collected material (Table 3) . Fifty-two species from 24 genera representing the basal grade in the Asteraceae were examined (Table 4) . Twenty-three species were illustrated using an Olympus SZH10 stereomicroscope (Table 3 , Figs 2-6). The classification used follows Funk et al. (2009a) .
Venation pattern was analysed using digital X-ray capture (VIVA-Varian Image viewing & Aquisition), Figure 1 . Phylogeny of the basal grade of Asteraceae adapted from Ortiz et al. (2009) . Branches are coloured to show the distribution of the taxa. Distribution information is a summary from the larger tree presented in Funk et al. (2009b). supervised by Sandra J. Raredon, Divison of Fishes, NMNH-Smithsonian Institution. Some characters such as style branches, anther appendage, leaf surface (abaxial and adaxial) and pappus morphology were examined using scanning electron microscopy under the supervision of Dr Scott D. Whittaker, Table 1 . Current taxonomy of the study group based on the results of the molecular analyses of Panero & Funk (2002 , 2007 and the metatree of Funk et al. (2009) NMNH Imaging Lab, Smithsonian Institution. Morphological studies using an Olympus SZH10 stereomicroscope were carried out on dried material in ALCB, Universidade Federal da Bahia, Brazil. The description of the characters follows Radford et al. (1974) and Roque, Keil & Susanna (2009) . The receptacles are described using the terminology proposed by Small (1919) , which identified six main types of receptacles in Asteraceae: scrobiculate ('when the receptacle is covered with low mounds of tissue with furrows in between'), foveolate ('when it is covered with shallow circular or polygonal depressions'), areolate ('when the depression is polygonal and surrounded by a low, narrow ridge'), fimbrillate ('when this ridge is higher with the margin lacerate, denticulate or cut up into a number of short pales'), setiferous ('if the lacinia of the margin are long and narrow like the paleaceous seta of the pappus') and alveolate ('if the ridge is higher still with the margin entire or variously divided'). In addition to these variations there is a paleaceous receptacle with membranaceous scales, each of which subtends a floret. Bremer (1994) started the process of updating the characters attributed to a hypothetical ancestor of the family; Lundberg (2009) and Funk et al. (2009b) added to the list. Here we have modified the list of Funk et al. (2009b) to include only those characters related to the ones we used for this study. The characters listed below are possibly plesiomorphic for the family: receptacle naked; flowers of mostly one type, actinomorphic, some differentiation in floral morphology in peripheral florets possible but without true rays; corolla divided into long lobes; thecae spurred (calcarate) and tailed (caudate); apical anther appendage possibly lacking; styles slender, shortly bifid, without hairs; solid band of stigmatic surface on inside of style branches; pappus of capillary bristles; achene ribbed. Table 3 , asterisk.) Some of the characters in Table 2 could be polarized using the hypothesized plesiomorphic characters, but others could not. Some could be polarized using the outgroups (Mutisioideae, Barnadesioideae, Calyceraceae; Fig. 1 ) but sometimes that was not possible, either because we lacked adequate information from the outgroups or the characters do not exist in the outgroups or they were variable. Two outgroups, subfamilies Mutisioideae and Barnadesioideae, are variable for most of the characters. At the other extreme, in Hecastocleidoideae with only one species, many characters are either unique or plesiomorphic. Calyceraceae, the sister family of the Asteraceae, were used whenever possible, although some characters used in the study are not present in Calyceraceae. Our attempts to polarize the characters in Table 2 were aided by other literature including Bremer (1994) , Katinas et al. (2008) and Urtubey & Stuessy (2001) . Figures 7 and 8 show 18 of the 23 characters on a revised version of Figure 1 . The remaining characters were omitted from the tree because they were considered uninformative (characters 2, 8, 14) or too variable (7, 18) for this study.
Nested in the genus Gochnatia is a clade that has been recognized as a separate genus (Richterago Kuntze, see Roque & Pirani, 2001) . This genus has a number of apomorphies [1(4), 15(3) , 16(1), 17 (1) ] that differ from the rest of Gochnatieae but as it is highly nested we have not included them on the diagrams.
RESULTS
To facilitate comparisons, members of the studied groups (subfamilies) are discussed together with the reference groups (genera). Table 3 , asterisk.) REPRODUCTIVE CHARACTERS The 16 reproductive characters used on Figures 7 and 8 fall into three groups. First, some could be easily polarized using the literature (Lundberg, 2009; Katinas et al., 2009; Stuessy, Urtubey & Gruenstaeudl, 2009; Funk et al., 2009b) , the distribution of the character in question in the basal grade, and the attribute found in the outgroups and sister family of the Asteraceae, the Calyceraceae: characters 3, 4, 5, 9, 10, 11 and 12. Second, for some characters all attributes cannot be polarized but some can: characters 13, 16 and 17. Finally, some characters cannot be polarized but we can make a reasonable preliminary assumption about what characters might be synapomorphies: characters 1, 6, 15, 19, 20 and 21 . Below we discuss the characters we have chosen to illustrate.
Receptacle (character 1)
In the species studied we found the surface of the receptacle to have useful characters: it can be pilose (Gongylolepis R.H.Schomb. clade plus Dasyphyllum Kunth, Onoseris Willd. and Trixis P.Browne) ( Fig. 2A,  B) , paleaceous (only Wunderlichieae) (Fig. 2E, F) or glabrous (Stifftia, Hyalideae, Gochnatioideae, Hecastocleidoideae, Mutisia L.f and Chaptalia Vent.) (Fig. 2C-D, G-K) . However, analysing the glabrous receptacles, we observed different patterns on the surface that were produced by outgrowths of the epidermis which surround the achene (or flowers scars). Following the terminology of Small (1919) : the genera Stifftia (Stifftieae) (Fig. 2C) and Gochnatia (Gochnatieae) (Fig. 2H, I ) have receptacles that are scrobiculate; Ianthopappus corymbosus (Less.) Roque & D.J.N.Hind (Hyalideae) (Fig. 2D) and Gochnatia Table 3 , asterisk.) 578 N. ROQUE and V. A. FUNK cordata Cabrera (Gochnatieae) (Fig. 2G ) have receptacles that are areolate; and Richterago (Gochnatieae) is the only genus with a distinctly alveolate receptacle (Fig. 2J, K) . Dinoseris, Hyaloseris (Stifftieae) and Hyalis, Leucomeris D.Don and Nouelia (Hyalideae) have receptacles that are glabrous but the heads were too old to determine the details. New studies with fresh material are needed to better describe the receptacles of the genera in these basal groups; however, paleaceous receptacles [Fig. 7; 1(5) ] seem to be a synapomorphy for Wunderlichieae because they are only found in this clade.
Anther appendage (Characters 5, 6) The variability of the anther appendage had some significant results: Stifftioideae (Fig. 3B, C) and Wunderlichieae (3F, G) have an acute apex; Hyalideae (Fig. 3D, E) and Gochnatieae (Fig. 3H-L) have an apiculate apex; Hecastocleis has an obtuse one (Fig. 3M) ; and Trixis has a rounded apex (Fig. 3A) . The outgroups help to some extent: in Barnadesieae the anther appendage can be slightly apiculate, rounded, acute, absent and rarely dentate or bifid ); Mutisieae appendages are usually rounded with a few acute ones ; Calyceraceae have either no appendage or a small rounded one. Because all clades in the basal grade and Hecastocleis have a rounded anther we selected 'rounded' as the plesiomorphic character. This means that the acute appendage ( Fig. 7 ; 5-0) and the apiculate one ( Fig. 7 ; 5-2) can be used as synapomorphies.
Style branches (Characters 9, 11, 12) In Stifftieae, there are different types of styles: Stifftia has short branches with acute tips (Fig. 4C) , Duidaea S.F.Blake has long branches with rounded tips (Fig. 4D) , and Dinoseris ( Fig. 4E and F) and Hyaloseris (Fig. 4G ) have long branches with acute tips that are papillose below the bifurcation. Hyalideae (Fig. 4H) , Gochnatieae (Fig. 5G-J) and Hecastocleis Table 3 , asterisk.) (Fig. 5 K) have medium length branches with an obtuse apex and they are glabrous. Wunderlichieae are different; they have short style branches with an acute apex and are papillose above and below the bifurcation (Fig. 5A-F) . The reference taxa (Barnadesioideae, Mutisioideae and Hecastocleis in Table 3 ) show other patterns with Dasyphyllum (Fig. 4A) having short, glabrous style branches with a rounded or obtuse apex and Trixis (Fig. 4B) having somewhat longer branches that are truncate and crowned by collector hairs at the apex. The style branch apex (character 9) is rounded in Barnadesioideae and Mutisioideae (except for Nassauvieae which have a unique form; Katinas et al., 2009) ; this makes the acute form a synapomorphy ( Fig. 7; 9-1). Character 11, the style surface, has long been used by taxonomists working in this group. Mutisioideae all have pubescence above the bifurcation, except Nassauvieae, members of which have a unique form . Barnadesioideae also have a unique form. The styles of Calyceraceae are glabrous as are most of the styles in the clades of the basal grade. Therefore our data support the estimation by Funk et al. (2009b) and Lundberg (2009) that the plesiomorphic condition is the presence of a glabrous style. Character 12 is the length of the branches of the style. Estimates by others (Lundberg, 2009; Funk et al., 2009b) have listed 'short' style branches as plesiomorphic, but no exact length was specified. Looking across the basal grade (there are no branches on the styles of Calyceraceae) the condition that is present in all clades is 12-0 or 12-1, both of which are 'short'. That would leave longer style branches as synapomorphic and this character is confined to the Gongylolepis + Hyaloseris clade and one occurrence in Gochnatieae (Fig. 7) .
Pappus (Characters 13, 16, 17) Most of the studied clades, Stifftieae, Hyalideae and Gochnatieae, have a pappus of barbellate bristles, but pales are found in Wunderlichieae and Cnicothamnus Griseb. (Gochnatieae). There is also variation in the number of series and the number of elements; in Stifftieae (Fig. 6A) , Hyalideae (Fig. 6B) and Wunderlichieae (Fig. 6C) , the pappus has three or four (five) series and 100-200 bristles. However, in Gochnatioideae, the pappus is in one to three series with no more Ortiz et al. (2009) showing the placement of three of the 18 morphological characters that could be used. These characters are more complicated than those in Figure 7 . Other characters were too variable or not variable enough or otherwise not informative. The dotted line indicates a new relationship proposed based on the characters evaluated in this study. See Fig. 1 for complete phylogeny. than 90 bristles (Fig. 6D, E) . Richterago is the only genus in Gochnatieae with a uniseriate pappus and it has 25-42 bristles (Fig. 6F) . Calyceraceae do not have a pappus and Barnadesioideae have a unique type (villous bristles; Funk & Roque, 2011) as does Hecastocleis (pappus a scale-like corona; Fig. 6G ). However, it seems obvious that for the non-Barnadesioideae members of the basal grade a pappus of capillary bristles is plesiomorphic. Beyond that we can only identify the increased number of series (character 16-3, 4, 5) and the increased number of bristles (character 17-3, 4, 5) as synapomorphies (Fig. 7) .
One character that was used in the past to define Mutisieae was the bilabiate corolla [characters 3(2) and 4 (1)]. Bilabiate disc corollas are found only in some groups in the outgroup Mutisioideae and in the Gongylolepis and Hyaloseris clades but not consistently in the latter (Fig. 8) . The bilabiate marginal corolla is more widespread. It is found not only in the Gongylolepis and Hyaloseris clades but also in Hyalideae (not in Leucomeris). It seems certain that the origin of the bilabiate corollas of the Gongylolepis and Hyaloseris clades are independent of those in Hyalideae. However, it may also be that the bilabiate corolla of the Hyaloseris clade is independent of the Gongylolepis clade, primarily because, although the Hyaloseris clade has only two small genera, it has a variable corolla morphology ranging from ligulate to bilabiate to actinomorphic. It will probably take developmental studies to produce a well-supported hypothesis of corolla evolution in the basal grade of the family. For now we have listed them as separate occurrences (Fig. 8) .
Also not illustrated but potentially important is the number of ribs on the achene (character 20). Calyceraceae do not have this character, and Mutisioideae have both five-and ten-ribbed achenes. Stifftioideae and Wunderlichoideae apparently have ten ribs (some are indistinct) and Gochnatioideae and Hecastocleidoideae have five (some are indistinct). The ovary has five veins and the corolla has five lobes, so it seems likely that the character of ten-ribbed achenes is an apomorphy and can therefore be used to help define the proposed Stifftioideae + Wunderlichoideae clade.
DISCUSSION
Based on all available molecular data from Jansen & Palmer (1987) to Panero & Funk (2008) , the phylogeny of Asteraceae has a split at the base with the small tribe Barnadesieae (Barnadesioideae) as the sister group of the rest of the family, but other relationships in the basal grade are not as strongly supported. As mentioned above, Panero & Funk (2002 and Funk et al. (2009b) divided Mutisieae (sensu Cabrera) into 13 tribes (Fig. 1) . A number of them are distinct morphologically and are accepted as clades at some level (Barnadesieae, Nassauvieae, Onoserideae, Mutisieae, Hecastocleideae, Tarchonantheae, Oldenburgieae, Dicomeae and Pertyeae). Other tribes (Stifftieae, Hyalideae, Wunderlichieae, Gochnatieae) and their subfamilies (Stifftioideae, Wunderlichioideae, Gochnatioideae) are not uniformly accepted (Table 1) . Some groupings between pairs of taxa were suggested for the first time in the history of the family and lack supporting morphological characters, a situation that continues to produce doubts Ortiz et al., 2009) . In this study we attempted to find or re-evaluate characters that might help in understanding the relationships among these basal groups. As might be expected, we had successes and failures.
According to Cabrera (1977) and Katinas et al. (2008) , from a morphological point of view, the genera centred in the Guiana Shield can be divided into two groups: (1) those with bilabiate corollas and style branches completely glabrous and (2) those with actinomorphic corollas and style branches papillose below the bifurcation. The molecular data agree with that division of taxa. However, the 'bilabiate corolla' tepui group (Gongylolepis clade; Table 1 , Fig. 1 ) is put into a clade with the 'regular corolla' genus Stifftia (Brazil and French Guiana) and the ligulate to regular corollas of the Hyaloseris clade (Argentina and Chile) which does not fit the concept of Katinas et al. (2008) . In fact, Katinas et al. (2008) placed Stifftia with the Stenopadus clade (Fig. 1) . Another set of nested relationships that is not supported by Katinas et al. (2008) is the regular corolla tepui group (Stenopadus clade) that is grouped with the Brazilan Wunderlichia and then with two clades, one with regular corollas and discoid or radiate heads from Asia (Leucomeris and Nouelia) and the other with broadly bilabiate marginal florets and radiate heads (Hyalis and Ianthopappus) from South America (Table 1 ; Fig. 1 ). Now that we have some re-evaluated morphological characters we can examine these relationships again. The characters analysed here may provide fresh insights. Figures 7 and 8 show the characters mapped onto part of Figure 1 . Eighteen of the 23 characters in Table 2 were found to be helpful in our quest to find apomorphies to define the groups or perhaps show that the groups are not supported.
The most progress was made in using the anther, pappus and achene features to support a new relationship uniting Wunderlichioideae (Hyalideae and Wunderlichieae) and Stifftioideae (Stifftieae). These two subfamilies are the only members of the basal groups that have an acute anther appendage, 100-150 (200) pappus elements and pappus arranged in (three) four or five series (characters 5, 16, 17; Fig. 7 ). In the most recent molecular phylogenetic analysis (Panero & Funk, 2008 ) the placement of Stifftioideae was unresolved so these characters provide a new hypothesis for the placement as sister to Wunderlichioideae. However, in the molecular study, Wunderlichioideae had some support for a position as the sister taxon of the rest of the family (Fig. 1) . We found no characters to support that hypothesis. We can now examine the three major clades: Wunderlichioideae, Stifftioideae and Gochnatioideae (taxa represented in Fig. 9A-K) .
WUNDERLICHIOIDEAE
The style has long been important in the classification of the members of what is now referred to as the basal grade of the family, especially the presence of papillae or pubescence above and below the point where the style bifurcates (11) . It seems that the plesiomorphic conditions are a glabrous style with short branches. All taxa in our study group are glabrous except Wunderlichieae and the Hyaloseris clade which are papillose above and below the branching of the style [11(1) ]; Hyaloseris is discussed below. In addition to the unusual papillose style, other characters that support Wunderlichieae as a monophyletic group include the pappus type (character 13) and surface of the receptacle (character 1). The plesiomorphic pappus type is the presence of bristles and Wunderlichieae have scales, the only clade in the basal grade that does. Finally, the receptacle of the tribe is paleaceous, also a unique feature among the study groups. This is probably the best supported of the newly proposed tribes. We are confident that this tribe is well supported morphologically.
The morphological support for the sister-group relationship between Wunderlichieae and Hyalideae is limited to the presence of achenes with ten ribs [Fig. 7; character 20(1) ].
Support for Hyalideae is found in two characters, the apiculate anther appendage [5(2) ] and pubescence on the achenes [21(1) ]; these two characters also are present in Gochnatieae, a position suggested by Katinas et al. (2008) that is discussed below. The Asian genera Leucomeris and Nouelia were considered by Hind (2007) to be independent. Both were previously treated by Cabrera (1971) as sections of Gochnatia: Gochnatia section Leucomeris and section Pentaphorus, respectively. Hind (2007) grouped Leucomeris and Nouelia in the 'Nouelia group', and later Panero & Funk (2008) placed them in Hyalideae. Funk et al. (2009a) considered them a 'Leucomeris clade' (Fig. 1) . The inclusion of Leucomeris in Hyalideae has been debated (Ortiz et al., 2009) because it has discoid heads with actinomorphic floret corollas, whereas the other genera (Ianthopappus, Nouelia and Hyalis) have radiate heads with bilabiate marginal floret corollas. Based on the morphological characters analysed here, it appears that the Hyalideae clade is composed of taxa with radiate heads and bilabiate marginal florets (except for Leucomeris). Although the apiculate anther appendage and the areolate and scrobiculate receptacle link the Hyalideae clade with Gochnatioideae, the pappus elements, achene ribs and bilabiate corolla place them elsewhere.
STIFFTIOIDEAE
The Gongylolepis and Hyaloseris clades (Fig. 7) have already been recognized by the community as monophyletic [characters 3(2, 3, 4) , 4(1), 12(> 1)], but their placement as sister taxa and their relationship to Stifftia is in question (Ortiz et al., 2009) . Our study shows one character that supports Stifftioideae as circumscribed by Panero & Funk (2008) , the presence of an acute anther appendage [5(0) ]. There is also one character that supports the linking of the Gongylolepis and Hyaloseris clades: long style branches [12(> 1) ].
The position of Stifftia as the sister group of the bilabiate tepui genera (especially including the Hyaloseris clade) is not supported by previous morphological studies. In fact, Carlquist (1957) mentioned that Stifftia pollen grains have many features that resemble those of Stenopadus and its allies (Fig. 1,  Stenopadus clade) . However, the morphological characters analysed here do not support a relationship between Stifftia and Stenopadus, especially as the styles of Stifftia are glabrous and the genus lacks the pappus characters of the well-defined Wunderlichieae.
Dinoseris and Hyaloseris (Hyaloseris clade) are the only genera with opposite leaves and style branches that are 'long and recurved' [character 10(1)] and styles that are papillose above and below the bifurcation (Figs 1, 4E-G) . The style branches are very different from those found in Wunderlichioideae (Fig. 5A-F) and Gochnatioideae ( Fig. 5G-J) . In the remaining Stifftioideae, the Stifftia and Gongylolepis clades have glabrous style branches (Fig. 4C ).
GOCHNATIOIDEAE
The species in this clade are plesiomorphic for most of the characters we studied: a pappus with a lower number of series (one to three series) and elements (25-80 bristles, rarely 90) and a five-ribbed achene [characters 16 (1, 2, 3) , 17 (1, 2), 20(0) ]. Other characters, such as the surface of the receptacle, the style branch length and the pappus length, are variable. Two characters define the tribe: the presence of an apiculate anther appendage [character 5(2)] and sericeous, villous, tomentose or puberulous achenes [21(1) ]. However, as we mentioned above, these two characters are also found in Hyalideae MORPHOLOGICAL ANALYSIS OF ASTERACEAE 583 (Wunderlichioideae) . Based on the strong morphological support for the relationship of Stifftioideae and Wunderlichioideae and the strong molecular support for Gochnatioideae with the rest of the family, we surmise that that these characters (5 and 21) have evolved independently in the two clades.
Although molecular phylogenetic analyses have provoked important and fruitful discussions about the relationships in Asteraceae, we should not forget that they are not foolproof and that the morphology should make sense in light of the phylogeny. We found receptacle, style, achene and pappus features to be particularly useful and we expect that future studies involving more taxa, characters and collaborators will provide additional characters and shed additional light on the phylogeny. KEY TO THE TAXA OF THE BASAL GRADE OF ASTERACEAE
